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This article introduces physico-chemical methods
which may be useful in the dental materials science re-
search. Polymer photophysics has enabled distinguish-
ing different conformations of poly ( acrylic acid )
(PAA) in solution by fluorescent “distance” probes at-
tached to the polymers. Analysis of the interaction be-
tween pyrene-labeled PAA and type I collagen suggests
a direct chemical attachment of the ionomer component
in glassionomer cements to the dentinal collagen in the
bonding. Thermal stability analysis of collagen with a
number of organic substances suggests that the adhesive
monomer components of resin cements effectively per-
meate through the collagen bundles or molecules in hy-
drophobic environments, as indicated by the denatura-
tion temperature changes. Polymer thermodynamics has
shown a potentially useful approach to impart fine and
ordered structures in the nano scale to some biopoly-
mers in solution, achieved via a specific mode of phase
separation : spinodal decomposition. The quartz crystal
microbalance with dissipation monitoring (QCM-D) is a
powerful tool to investigate the adsorption properties at
the biointerface because it can measure both the adsorp-
tion process and the viscoelasticity of the adsorbed sub-
stances ( adsorbate ) . The extremely high sensitivity
makes it possible to apply QCM-D with adsorbates of
various sizes : from small molecular dimensions to
large cellular or microbial dimensions. The author
strongly encourages the widespread propagation of


















?????Nezu and Winnik, 2000??????????
?????????????????????????
?????????????????????????















































































Koga, 1983 ; Bächinger HP and Morris NP, 1990. ; Fukuda
et al., 2000????????????????????







????????????????????????????????????Berova et al. ed., 2000??










????????Veis and Anesey, 1959 ; Harrington and
von Hippel, 1961??HEMA?????????????
?????????????????????????
????????????????Nishiyama, et al. ,
1995 ; Nezu et al., 2005???????????????
?????????????????????????
???????????????????????Ad-
























dC2 T > 0????
?????? d
2 G


































































































































D?QCM with dissipation monitoring?????????
????????????????????????
????????????Rodahl et al., 1995, 1996??
??b??
?????????????????QCM-D?????
The Dental Journal of Health Sciences University of Hokkaido 33 2014
??? ??????????????QCM??????
? ???QCM???????????? f0 ??????????f????????????





?????????????τ?A = A0 e−t/τ sin?2?ft+φ???????????φ?????
?????????????????????????????????????????












???Höök et al., 1998 ; Gurdak E et al., 2006 ; Hemmer-
sam et al., 2008?????????????????
???????????????Hayakawa et al., 2005 ;









???????Gurdak E et al., 2005?????QCM-D?
?????????????????????????
?????????????????????????



























Takashi NEZU?Interface of physical chemistry and dental materials science
??? ?????????????????????Nezu et al., 2010?
































? ? ? ?
Adamson AW. Physical chemistry of surfaces, 5 th ed,
pp.537-539. John Wiley & Sons, New York, 1961.
Anghel DF, Alderson V, Winnik FM, Mizusaki M, Mor-
ishima Y. Fluorescent dyes as model & hydrophobic
modi”ers’ of polyelectrolytes : a study of poly (acrylic
acid)s labelled with pyrenyl and naphthyl groups. Polymer
39 : 3035-3044,1998.
Bächinger HP and Morris NP. Analysis of the thermal sta-
bility of type II collagen in various solvents used for
reversed-phase high performance chromatography. Matrix
10 : 331-338, 1990.
Berova N, Nakanishi K, Woody RW ed. Circular dichro-
ism : principles and applications (2nd ed). Wiley-VCH,
New York, 2000.
Birks JB. Excimers. Rep Prog Phys 38 : 903-74, 1975.
Cahn JW. J Chem Phys 42 : 93, 1965.
Cantor CR and Schimmel PR. Biophysical Chemistry, Part
I The conformation of biological macromolecules, Free-
man, New York, 1980.
Fukuda K, Nezu T, Terada Y. The effects of alcoholic
compounds on the stability of type I collagen studied by
differential scanning calorimetry. Dent Mater J 19 : 221-
228, 2000.
Gekko K and Koga S. Increased thermal stability of colla-
gen in the presence of sugar and polyols. J Biochem 94 :
199-205, 1983.
Gurdak E, Dupont-Gillain CC, Booth J, Roberts CJ, Roux-
het PG. Langmuir 21 : 10685-10692, 2005.
Gurdak E, Booth J, Roberts CJ, Rouxhet PG, Dupont-
Gillin CC. J Colloid Interface Sci 302 : 475-484, 2006.
Harrington WF and von Hippel PH. Advances in protein
chemistry Vol. 16 (ed. by Anfinsen Jr et al.). pp.91-14.
Academic Press, New York, 1961.
Hayakawa T, Yoshinari M, Nemoto K. Quartz-crystal
microbalance-dissipation technique for the study of initial
adsorption of fibronectin onto tresyl chloride-activated ti-
tanium. J Biomed Mater Res B 73 : 271-276, 2005.
Hemmersam AG, Rechendorff K, Foss M, Sutherland DS,
Besenbacher F. J Colloid Interface Sci 320 : 110-116,
2008.
Hill TL. An introduction to statistical thermodynamics.
Dover, New York, 1986.
Höök F, Rodahl M, Kasemo B, Brzezinski P. Proc Natl
Acad Sci USA 95 : 12271-12276, 1998.
Hosono E, Fujihara S, Honma I, Zhou H. Superhydropho-
bic perpendicular nanopin film by the bottom-up process.
J Am Chem Soc 127 : 13458-13459, 2005.
Ishii D, Yabu H, Shimomura M. Micro droplet transfer be-
tween superhydrophobic surfaces via high adhesive su-
perhydrophobic surface, in Biomedical engineering sys-
tems and technologies (Fred A, Filipe J, Gamboa H eds) :
Springer, Berlin, 2010, pp.136-142.
Jizomoto H. J Pharm Sci 73 : 879, 1984.
Komsa-Penkova R, Koynova R, Kostov G, Tenkov BG.
Thermal stability of calf skin collagen type I in salt solu-
tions. Biochim Biophys Acta 1297 : 171-181, 1996.
Liu G, Zhang G. QCM-D studies on polymer behavior at
interfaces (SpringerBriefs in Molecular Science), Amazon
Kindle?, ASIN : B00EU6U1DG, 2013.
Maeda H, Nezu T, Fukada K, Ikeda S. Effects of hydrocar-
bon chain length of cationic surfactants on the induction
of the secondary structures of anionic polypeptides. Mac-
romolecules 21 : 1154-1158, 1988.
??????????? ?? ????? ?
????
???????????????????????????????????????????????????????????????????????????????????????????
Morikawa T, Nezu T, Fukuda K, Terada Y. Effect of
HEMA adsorption on the Native and denatured type I ten-
don collagen. Dent Mater J 25 : 253-260, 2006.
Nezu T, Maeda H. Phase separation coupled with gelation
in polyethylene glycol-gelatin-aqueous buffer system. Bull
Chem Soc Jpn 64 : 1618-1622, 1991.
Nezu T, Winnik FM. Interaction of Water soluble Collagen




Nezu T, Nishiyama N, Nemoto K, Terada Y. The effect of
hydrophilic adhesive monomers on the stability of type I




Nezu T, Morikawa T, Sasaki K, Saitoh S, Taira M, Terada
Y, Araki Y. New index for the stability of type I collagen
affected by hydrophobic environment. Dent Mater J 26 :
373-381, 2007.
Nezu T, Masuyama T, Sasaki K, Saitoh S, Taira M, Araki
Y. Effect of pH and addition of salt on the adsorption be-
havior of lysozyme on the gold, silica and titania surfaces
observed by quartz crystal microbalance with dissipation
monitoring. Dent Mater J 27 : 573-580, 2008.
Nezu T, Taira M, Saitoh S, Sasaki K, Araki Y. Viscoelastic
adlayers of collagen and lysozyme studied using quartz
crystal microbalance with dissipation monitoring. Int J
Biol Macromol 46 : 294-403, 2010.
Ninness BJ Bousfield DW, Tripp CP. The importance of
adsorbed cationic surfactant structure in dictating the sub-
sequent interaction of anionic surfactants and polyelectro-
lytes with pigment surfaces. Colloids and Surfaces A
203 : 21-36, 2002.
Nishiyama N, Asakura T, Suzuki K, Horie K, Nemoto K.
Effects of a structural change in collagen upon binding to
conditioned dentin studied by 13C NMR. J Biomed Mater
Res 29 : 107-111, 1995.
Okada T, Saito H, Yamazaki M, Inoue T. Polymer 31 :
469, 1990.
Onda T, Shibuichi S, Satoh N, Tsujii K. Super-water-
repellent fractal surface. Langmuir 12 : 2125-2127, 1996.
Ougizawa T, Inoue T, Kammer HW. Macromolecules 18 :
2089, 1985.
Ougizawa T, Inoue T. Polym J 18 : 521, 1986.
?????? I????? R???????????
?????????????
Rodahl M, Höök F, Korzer A, Brzezinski P, Kasemo B.
Quartz crystal microbalance setup for frequency and Q-
factor measurements in gaseous and liquid environments.
Rev Sci Instrum 66 : 3924-3929, 1995.
Rodahl M, Höök F, Kasemo B. QCM operation in liquids :
An explanation of measured variations in frequency and Q
factor with liquid conductivity. Anal Chem 68 : 2219-
2227, 1996.
Sakai K, Matsuhashi K, Honya A, Oguchi T, Sakai H, Abe
M. Adsorption characteristics of monomeric/gemini sur-
factant mixtures at the silica/aqueous solution interface.
Langmuir 26 : 17119-17125, 2010.
Sauerbrey G. Vervendung von schwingquarzen zur wägung
dünner schichten und zur mikrowägung. Z Phys 155 : 206
-222, 1959.
Scott RL. J Chem Phys 17 : 279, 1949.
Suzuki K, Nakai H. Adhesion of restorative resin to tooth
substance ? treatment of acid-etched dentin by aqueous
solution of HEMA?, J Jpn Soc Dent Mater and Devices
12 : 34-44, 1993.
Tompa H. Trans Faraday Soc 45 : 1142, 1949.
Veis A and Anesey J. Configurational transitions in gelatin
in non-aqueous solutions. J Phys Chem 63 : 1720-2725,
1959.
Winnik FM. Photophysics of preassociated pyrenes in
aqueous polymer solutions and in other organized media.
Chem Rev 93 : 587-614, 1993.
Yoshida Y, Van Meerbeek B, Nakayama Y, Snauwaert J,
Hellemans L, Lambrechts P, Vanherle G, Wakasa K. Evi-
dence of chemical bonding at biomaterial-hard tissure in-
terfaces. J Dent Res 79 : 709-714, 2000.
Yoshinari M, Kato T, Mtsuzaka K, Hayakawa T, Inoue T,
Oda Y, Okuda K, Shimono M. Adsorption behavior of
antimicrobial peptide histatin 5 on PMMA. J Biomed Ma-
ter Res B 77 : 47-54, 2006.











































The Dental Journal of Health Sciences University of Hokkaido 33 2014 ??
????
????????????????????????????????????????????????????????????????????????????????????????????
